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The Effect of Attention on Event-Related Potentials in the Musical Context

Midori Hashimoto

Abstract: The present study investigated the effects of selective attention on the event-
related brain potentials (ERPs) to a chord which violated the musical context. In the
experiment, both musical chord sequences which contained infrequent Neapolitan six and
7 th chords, and spoken old tales were presented simultaneously via speakers. In musical
sequences 80% of chords were played on piano, and remaining randomly selected 20%
were played on strings. In an attend-to-music condition, twelve participants selectively
listened to the music stimuli, and counted chords played on strings. In an attend-to-speech
condition, participants selectively listened to speech stimuli, and reported their contents
after each story. Results showed that the early right-anterior negativity (ERAN), which is
thought to be elicited by a harmonically unexpected chord, was observed only in the ERPs
to the Neapolitan six chord in the attend-to-music condition. This indicated that selective
attention was necessary for eliciting ERAN. It is suggested that how two types of
expectation (schematic and veridical) would contribute to the buildup of musical context,
and to the generation of ERAN should be studied further.
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2001; Koelsch, Gunter, Wittfoth, & Sammler, 2005) o

HEOVERELVED, DF ) XREBKT 572012
B oD T UL APRLETH L, £, Pk
L 2O LEOBREDTENEDTEE 2 5 BN D b,
INSDEPVALNA RS &) ALk b o T
QL AT 4 &%), FRKCHEZ 2 MIAE & 2%
bo SHLIZZOMENHERT LI ETH—F=—LL
THEREL, Stk S N5,

TSSO b ORI IC BV T, ARE 2L
T &, &I, 1475 —TOMIZH512MHD
O 7 OO TSNS ERAHIN S 5,1k,
FNENOFEREDTIZONT, BRI W EREASE
YV, MEPHALTONS, ZLT, mEICHE
2T 25 EMEICHEoX, M (F—) PhES
No, GRERHE AT 2L EWICBER LT
WwnEEbh, ZOMROMESIILET 5 ERRMHE
® ¥ 2 MK AF 3 % (Tillmann, Bharucha, & Bigand,
2001). F72, HAHAMIBVT, ZNEIOFTHRH
T, Bk E oL SN D, b=y 7 (EAE),
FIF b BRI, 7 F3IF 2 b (FEAR)
BEDNELRERETH Y, INOHRFEESME LN
bo INLHIFEHHHBHIIBVWTERELINTED, H
I TL ML, ZOMOBTE ) RENTH S
LRBWENDE I LM Hh o> Tw b (Krumhansl,
1979) o

TR E DL IFEDOMEL 1 DRRTHE, £
MRS 285 (¥ =7y M) & ORI
LEIE, BRI WIAEICHANRT, ¥—7 v Ml
HEFPFHI D & v o 7o UBAEHE £ 5 (Bharucha
& Stoeckig, 1986, 1987; Tekman & Bharucha, 1992,
1998), 2% D, 1 20OMIEZMWENT LI LIZL-T,
ZOHE & RO NG O MBS NS, C
D X9 IR R TR L IFT, 2 ORRE local
context effect & I35,

¥ 72, Bigand & Pineau (1997) 1%, 8 2OFIFT
Wi S N7AEEATORB D 6 2% 754 3 ¥ 7 jil#
L, RED2OOMEE Y =7y Ml LTZD
=7y VEVHREEBY) ThHholoh &) nonT
ECE I L CH 5 ) A T o 720 TORR, B
Rtk o WHIE & R LT, BRI o RIE IS
DR S, Sk 2 o) H % global
context effect & #4720 T b 200X R % K
9 5% &, local context effect & ¥ % global context
effect TBWT XD KRELNINORENRA SN S
(Tillmann & Bigand, 2001) o

2D T I 4 I ¥ 7RI E A & LTEWBRICS
55—y MUBANORIBDOREFHER SN TS

(Tillmann, Janata, & Bharucha, 2003; Tillmann,
Janata, Brik, & Bharucha, 2008). I 5 DWFZEH: H
OFPIE LT, Bharucha (1987a, b) OiEMEALILHE
7 )V (spreading activation model) 2% %5, Z D E
TS LU, & OHEER SRR § 2 28 A
—EEAEL D E, EHR A, WMo 3o0RREICL o
Thy VT NOREGHPREEENL, LT, 20
RGP SN2 2 F == 12 & o TIHPEALILES
ELBHEEZEZLNTWVS,

O, IEEENT 2L 4y PT—2 AT
MOELmD LN, BROENAIEOLZ=y MIxfL
TIVHBIHBT L L1 b. X5 ICHITG T2 HE
WLTWwL &, ZoffiL & HIZENZENOMEITH
T 2L EAEH L, & O EAEH 08 T
DIERH LT L2 LT, 2% 0, FIED
EATT B0, BB 2 IR AT H BRI IE L
ENTWL L E2FKT 5,

FEI SR ORI LT, fr8hil g ic ko
SHFZEITIN 2, FHBEEEN. (eventrelated potential:
ERP) % 720 IIE b AT h Tk, f
z13, Koelsh, Gunter, Friederici, & Schroger (2000)
&, HFENRIHEZRFICZT Cngwy ElO” A
125 DOMfET A HIE S & LRl E FEE 7. 4l
WD50% T, TXTOMEPRHFEDREZLET 2 b
DTHo7205, 25%TlE 3THFHBZOH» S @ L 72
FRYVORT EMIENLAEICEESHRZ S, KD
D25% TlE, SFHDF R ONHE TH -7z, Al
YT OETHER SN, 209 H10% GRELF
TEBRL) 25 ) URREy -k, oEHEMICHE
SR HNTz ZMFORER, €T/ DSoEaD
MEOBERZ AL THo72 ZOME, Kb,
FEATT B E SR S @B L 72 AE &R T 5 200
Btk AL % Wi L7ze 1213, ERAN (early right-
anterior negativity) & FEFIEI 2 455K o i BE B 34
HBEVEEAL T, #FHIFR200ms TRIEDVRK L % %,
9 122N 5T, WMMWORETTILSHBEL, &
R #9550ms Tk K & % %5, ERAN I&, #HFH o
B, BB VITE RO EZ WL, N 5138
LA OME T O A & ¢ 5 BN ENTH S
(Koelsch, Schréger, & Gunter, 2002) &# z 5 Tw»
%o

Z®D ERAN 12200V T, MBUIEEASLEL & 2
BT B ME 2 b T B, Koelsch et al. (2001)
X, BMEDPE TS — 2 %ToT0WAHENLTY
ERAN Z3@lgE s b & iy L7z. 72, Koelsch et
al. (2002) b, ZMEHEVBRALZREZHATY S5
T ERAN OBl 2 #i% L7z S 512, Loui, Grent-
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't Jong, Torpey, & Woldorff (2005) X, 7% ) DiEE
oy aLBE T2 L) hXEEHROREE TR bE7:
A TO ERANOSHB LA L HBELTwD, T
OWFZERERIL, BMFEPBULRIB AR Z T, S
AT 2ETOMERINZHHEL TV DHETH, il
BOMITIZ L - THEESURATERE S, ZORkH
5L 72 E M A M5 5 2 S RECTh H Tk
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72, Maidhof & Koelsch (2011) &, #%& 3R
7 5 WERRIEU 3 U CHER Z VT 72356 @ ERAN K
I DWTHGES L7ze dili e U O il & 5 am i
BHY, FEHIIET 212X 55 200HF DT,
SRR DA LT BN N A VEEOLTH -
720 EESIEIZIE 5 TR H ORI AT SR D & i3
LEME LBRWEESH D, SEEREIIEISOEMICIE
L v (#: Das Baby wurde gefiittert. / The baby
was fed) &t & 1EL &\ (#: Die Gans wurde
im gefiittert. / The goose was in-the fed) §&-72%% -
720 EERIPC D FEEHBIC D, FEE T 4 vy =
FICEIVEZ XA HORLZHAEF 2 EHFI KD
10% FENTW ZMEEE, 2oL o0rEx,
TEORLLZHWAMBL 2L 22Ky V&ML T
& U7zo EASRI & SEREIE A ¥ — 12 X 5 T
WCERESN, BNEE, ToLss»EErid,
L) —HeHT 5 L) ICHREIN, F7z, HHH
M FE I SENSARMCTE RSN LMD H o720
HHEM TR SN ERAN 2L 2L 25, HE
RIS TEIR SN D FMITHART, EREES
RIS REIC R E B 1 Tlk, ERAN O4iRIE
DIFE L7275, SRS L SFiMo s 5 1R
A% 72 0%, ERANIWCREBE LR 2P o7 TN D,
ERAN O FANRIRINER I L E VT & 2R TH#E
RTHDHES R D,

L2L, INooigsr s, #EIRMEE X ERAN
WKCESRELZVERET S22 LIETE 2w,
Maidhof & Koelsch (2011) T, 2 ¥ EELH]
DELLITEREZIT 2000 b 5T, HEED
ERAN B L 72, L2 L, 5 OFEBRFETIE,
MERL T R E G LT O EREDTTNT S N7 etk ds
Hbo 1211%, SBHMS oM THY, L
22D LOFRIZE T 2 UKD SN TV o7z,
F 72, BINEITE RN S SRR D SR 5
P 2HEAEENLILEDLONLOHRENDB
D, Lod Sl B0 2 @52 3HE 0@ A
HID)BESFTEFMUES A IV THELS XY ICH#
EENTWz, TNHOMMT, 728 ZFFHMHICTE
BEMITL5EMTH-TYH, L& XOBICEHERRMD

FEREYVERZ 20, SCENRBIC X o Tl
WOBRBOF BN FEZEATNN 2D T 2% 8, FHHE
TR EHIN TR o 2hd Ltk v,

Z 2T, AHWFZE T, Maidhof & Koelsch (2011)
& [ikk 2 FRE O REEA D 25 & h % LB S (1
W23 T, UTFTOLI%E L TERAN &3
TLEEOWMEZER L. ¥ Sl LT,
FLTIR AL, BWNATET VO LWEOMHE
L7 ZLC, FE0I8E mhl s 1213 m U5
DAY —% 76 RBHCER L, W@ & 5 BRI
IEENLEEL 2D LI Lz TRHMICEEE
T CE DR BF1E % Ml 3 2 i 2 33 5 580
B&ML, ERMEITES L CFISEREZ T, M
ONKEZBRT 5 2 & 23R B GBSO R T
ERAN % [t# L 720 ERAN 284t CHIZETE NI,
ERAN 2SHiiEFE MBI 2 & v ) Sk DB FE 0 Al
Rauibsh, SREESEOATHIT LI,
ERAN OFAEIERIRWEEDPLETH D LV IH
LWHIRDTE %,

7 ik

EEBEBME 1982 023ROMAL2Y (9 b 44K
T, FHEER2LEK) BEBICEIML, wIhoS
mEd, REROHPELFTT 50110575800 LI
NEFL TNz, F7z, FPREE DA OB M 2858
HHXZT T ido 2 EBRRGBHNICSINE 2 HIZ,
FEBRIZOWTHIE B X O HFICCHM % L7z LT g
137z,

Fl# EBEE LToERIE, 4200/ BICko
THK SN2 5 DORFIC L 2 HF#EITT, 1—43F
H o1 O R 32 /R EE ] 12600ms, 5% H of1H 2R
R¢131,200ms Tdh - 720 HHEIE, 32fEE D74 50
GMEAT 2 WA A NFCEL L 7251160 o flE = 134T &
L, 5T Cl7uy 7k Lz, A5y, ok
A AT L A AT & OMICIEETIE 2 <, 1o 0fl
T, BBV O BRE, i L CROBRE
EiRL7,

TRMWGME LT, BB WL (T
3 inkey & #EFL), FEY DAEM (Neapol), B &
O 7th &0 320 - 72, EAFHTDOI H, 50%
2B HEBENDHRDFH DS 7 B HAIEHATITHED W72k
D e RIS AT (BEHESAR), 25% 2SFIE#EFTD 3
FTHIZFRYDAKF1E7th 2—F (LUF, Neapoli/
3rd or 7th/ 3rd) *BLE L 7-HIFH#ELT, 25% H3AI
FTHITOSFHICFR)DOANEALE7tha—F (L
F, Neapoli/ 5th or 7th/ 5th) % L 72135k
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Figure 1. Samples of stimulus chord
sequence.

WEE L LC, B e S iz HRO
10HEOME DR A S, @ZAEERIE, @72
BORBRL, @OEELTLZLLD, OANED L)
F, ®LIBEBAREDITFAD», Ohr25DBITH S
A, ONEL DR B0, OERE 5 1 OEBEX
W03 L v Il % w72 (http://hukumusume.com/
douwa/pc/minwa/index.html, 20114E 5 H23H ), —
FEBLZ2HHTHo7,

KERIRE M, HRAET60cm o i3k R THE
722200 AE—7% (SNM5-LR, Pioneer #, 121
TGN, b9 1 OEWEREHE) »58R L,
TR O, HEEK Y 7 b “singer song writer
80VS” O MIDI &L > TCTET7 /7 0FHEM, L LLIFA
M) Y ADT @%ﬁwfﬁﬁbtoﬂﬁzmﬂﬂﬂ
&, ERP AT O 7202 b % ) A — 155 O
¥, Psychology software Tool, Inc. # E-prime % i i
L7z

FUFERE  HRFICEICT 2 8 BRI & BEe i o
9 H, HERIMIEEEZ T 5 502 R (R
Tid, Attended) Feff, BIRRIBIIEZEZ AT 5 5
fF% 355 m4 (Unattended) 4efF& L7z

FEBBINF OFENT, FATEEMTIE, MR

ZIALL, TR R L C, €T 2 U (A
M)V TR) OBEBZDAIETHoT. T, T
MEBLAAE TR, SO e L, BRI 2 I L
T, HHOWEXBHT 5L TH o7 BMEIR,
&R %T& Y7 7 USO8 % 5T T
ERCYA E@Wﬁ B BERICE 2 72,
FHE FEBRIIMEINATRbN BINEE, WKk
WEHOBEMF ¥ v 7T hEEE L7, WMTICEY, 3
HEERICHEBEZREL, BrSbE= —F TOWikE
Z60cm IR L 9 I L7z,
2ODEBEMEICEREZN 4 70y 7 EiL 72,
liny7u5ﬁﬁ#%&0 TR,
FUHEBI0RITTOTH o720 INLORITIET ¥
9A&ﬁff#ﬁbto%£ﬁfu [ IRF E:if
BHEBDORL % 2 O0OWHIMO LEH 5N TEREY
M CENZENOMEE T, FELRIT I ﬁ*%
KRR LB EEE RO 5 X8R L7,
EBRBSIMFIL, €T 7 DHOFTEOFHEDOAMEZ,
FRYDADI—FBLU7th 23— FOHFEERYEL
WKCOWTIHMERA R D072 170y 7 T EITHE Rk
AL, KFTEBMEDR—ATHIBES NIz,
BUEDREERE KOS Midkid, Ag/AgCl Bz
i, EREE10% 2:12350 < 13%kM:. (Fpl1,Fp2,.F7,
F8, F3,F4,C3,C4,FT7,FT8, Fz Cz Pz) »
S U720 Bk &R BT 2 720 MR/ I %
X DMRERSREFL 720 BRICHEMEZ B2, Tidk
BXOWREBRIE, 7Y% VMER (HALER,
Neurofax EEG-1100) (CX Y ¥EL, S 7V ¥ 71
W 200Hz Talsk L7z, BhiA > ¥ —4% > 213 5kQ
PTFE L7,
Fofk L7k s & ORI O WT, Sl i30
Hz, EAFIBGERT0.08HZ O 7 4 V& — & T, 8BRH
T L %5 X9 ICHAR L7z, ERP X, BR&EF
‘;é@%&?—%777b(i%uvuL®@M)
DHRVETIZOWT, FHMERFAIL00ms A 5 2R
#%600ms M2 ME T 52 Ik, HEEl G
W, EREM) R #SM (nkey/ 3rd in-
key/ 5 th, Neapoli/ 3 rd, Neapoli/ 5th, 7 th/ 3rd,
7th/ 5th) ZHAEDEZI2O5MBNEH L,
RT3 I S 32 53 BAT & v, S RIS
DWW CIE Tukey @ HSD % Fv /2o A AKX 05
1R L7z

B R

TERER ﬁ’é*ﬁtﬂ%ﬁ“ DIEAH (= SD) 1,
93.7% (+11.3), WIF DO NAHFIGEIL, 92.2% (+36)
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ERP Figure 212, F3 & F4 Cigdk 3 /2% 4%
£ ERP IS FEIE 2R3, 3% H OMEICH®R
Widsdh % 5tk 0P (Figure 2 @ 12F45) oL
X3, LM (in-key) 2B DEF L OENE
LC, ISR EEA OBMEEMAT R Y OHIEIC
%3 5P (Neapol) IZBWTHEIEIRTH S 2 &,
ERERSEM T, HAGERER130ms @ B )5
DOIWNASF R ORI L 7 th WK OW J5 T m ki
THoHI L, HMERE2OHDEUBRMLSFFE) D
AEBICBWTERTHIEALTWR 2 L a2 28IF52 L
WTE 5,

F7:, SFEHOMEBEICRBEDTD S LM00WHE
(Figure 2 O F145) TI, BEAERF L omnwe LT,
FHRY) DOARFF IR T HEBICBCT, RYOBLE
MASERIETH 2 2 &, THMIFIER 140ms O kT

I IH200ms DR EREMAERLTIBE L TWw 5 &
ICRZ AL, FREELEMEOFA4IIBWT, THA
B 340ms OB S IA~ORMAHIE L T &

(W) Attended / 3rd
7 2

] ] 2
Attended / 5th
3 -2

Figure 2. Grand mean ERP waveforms (NV=12) at
F 3 (left side) and F4 (right side) sites. The
thic lines represent ERPs to in-key, dot lines
(thic) to Neapoli and dot lines (thin) to 7 th.
Negativity is up (uV).

EDBEIFOND, Tz, WEREHSEIEO F4 TGS
N7z 7th A b3 2 M Cl, BRI T
2O HOBMEMDEIRIEL 72> T2,
CNSHOBEED S L, a4 LD Sz 0,
5FHDFRY OREBPIAIFTIH LT, HRERSLM
O F 4 F47C B L 72 THRUEIRE340ms A4 75 O B A
BHOARTH > 72 BRI, HI##%330—350ms
OX B EME T L, EEEN 2 GPRER, &
AL < WS 3 (B, FR Y, 7Tth) x EH
W2 (F3, F4) @ 3ERATREF I %247 % -
Too TORE, EELMFOFME F(1, 11)=821,
p<05), B X OVERESM < FHlHg < B MO R
el (F(2,22) =417, p<05) DHEETH o7 T
MesE OAER, FRMBLM (L1uV) £ 0 HEESM 00
uV) T, ERPRIX VW AHF 1 T ThHotze $72, F4
5 72 ERP T3, RSB TR
B (02uV) L0 HFRUMHIC (-07uV) MLTE
DATTFA47THY, FRYVEBIK L TIE, H
B4t (L0uV) X0 HEREESEM (07uV) T,
IVAFT 4 TThHol
3FEFHOMEOHFIIHT % ERP I2DWT, 330—
350ms O X BEHEMESIM L, EESM 2 GFRE

(V)
-1.2

[] Attended
8 Ml unattended

-0.4

0.0 H I s |— ] || — 1. -
F3 Fa F3 I F4

04

7th/3rd = in-key

Amplitude

Neapolif3rd = in-key

-08

-04
0.0 - [

|:3. F4 [_Fa F4I
04

08

Amplitude

Neapoli/5th - in-key Tth/5th - in-key

Figure 3. Mean amplitudes between 330-350ms
after the stimulus onset of the difference
waves obtained by subtracting in-key-ERP
from Neapli-ERP and by subtractiong in-key-
ERP from 7th-ERP. Amplitude between
attention conditions and between F 3 and
F 4 sites are compared. Upper and lower
panel shows waves for 3 rd codes and for 5th
codes, respectively
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A

T, WAL < fM 4 3 (B, KDY, Tth) x
EEGL 2 (F3, F4) o 3 %K BANE ST % 47
otz ZORER, WS x BB O HAEH
A EM T - 72 (F(2, 22)=266, p<09) 7%, EE
S B OB SM D F R FIT A E TR h o 720

Figure 312, F R U HIFHIIH$ % ERP A & FR i
BICH T 5 ERP %5 &4 L7220, BX O 7th
HEIR % ERP 2 S BEHERE 2K 5 ERP 251 &
B0 0F0, 330—350ms B o X M3y &
fERT, H£ilk, 3FHOMEB L5 FHOME
ZxF3 % ERP ZRENICZOWT, HESNLSB L0
WAL (F3, F4) BlCAT o 720 SREBRLNOSHE
HoOMFIHT 5 F 4 OEGEEOBEEN K E W
CENDbNL, BB, S5FEHOTthAFICHT 2
ERP %%, FE#EfI# ERP (Cx LRIy 7 P LT
5 EHCHZBH, WETICHERZE TR h 572,

R

AWFZE D Hiix, ERAN ERICHEESLETH S
BEIDERMEPDDLIETHo T, TRIEELEMNDS
FHOBRBPAME 0T 5 F4E MO ERPICBWT,
% %9340ms & THR & L7z BB A AT B L 72,
COBEME, WEIEER R M 5 F A S
BECImBET, FAF3 TSN ERP T,
HEEFEHIIDPDOLTBRTE LD o7,

HEFRDBFFE THE S M7z ERAN 150 HEE R,
170—220ms (Koelsh et al., 2000), 250ms £ (Koelsh
& Mudler, 2002), 230ms {43 (Steinbeis, Koelsch, &
Sloboda, 2006) &, 340ms (ZHARTH % ) Hv, L
L, Patel, Gibson, Ratner, Besson, & Holcomb (1998)
B, EAEMEICHEC 2 50 BT I X 0r s
ZIMFH OISV THE S5 & v ) EICBW
T, MBEFIE TR L TiERE350ms £ T ERAN £k
BB L7 2 2 Lz k912, REOMEIC
£ 1 ERAN o I BLE RS Z L3 2 0 /e H 50 £
PEREHICHBIL T B 2 &, R0 Thny
3% HONE ORI IR L CidiigEc& s, 5%
HOMETIZ-> &) EIMPILTwE L, #rbofk
BlEAZ 7256 2w 7thfIHISH L BB,
FRYDARHFIH L TOARBELTWEZ L E2E L
b &, EEERFMHEOFR) ORMEINTEF40
ERP T@i% & 72 TH R I #9340ms o BE PR AL 13,
ERAN CTH B LEZ LMD,

AWFFEIZBIT 5 ERAN 1, HREFEZSLMEOATH
BlL, BREMEMFTEBIETE Lo/, ZORR
i, EEEFEELEMGLSHERELGOW G CREED

Ed

ERAN #% #1%2 | 72 Maidhof & Koelsch (2011) o
BLiz—H Lo COMBE LT, HWHI
RERFEOENHEZ bND, RIFFETIE, HiFO
MFEE A, WA ZBR T2 X HBUR L7, T,
W& DFEBTHW SO L D b SRR T35
M2 ERZ L VL ELETHRETH -2 T2,
oL, EEBMEOIET D B LEAL20° D7 2 (0 E
WO 25 L) BRLUAH, RIFZETIE, ERMIE,
Wil e DBMBOLEMD SRR L, ZD0,
EL L hORPIER 2 T A0, ZETEA D 28
iy, FOWHEEBETH-EEZBND,

COXHIT, KWZETIE, BATIZEL 3RE D, b
ORIFNIEZEZ T A2 212X, @B I3 5
ERAN "ER L 2 W E8H 2 2 LARENTz, &
g, HEAGICBWT, TEEZME2085MimL T
WA, RONF IR Z T THIW T T & 2 <
THOMITOHFCTE 205, HLVWIEZ R DOILE
F52L, HFREPLASTWTHOENDERE LT
AN L3R hs, L) L) RBISHILT
%o TNFET, HFEMTIRICH T % ERP HFZETIE,
I A~ v FBEMEN (mismatch negativity: MMN)
HIFEE LTCX CHWwWHENTE /2, MMN & ERAN
LN 5.0 BRED RO W TORGT b
1T H N T &7z (Koelsh, 2009; Koelsh et al, 2001),
MMN &, RAESE/R SN L ERRN (BEERH) o
WARBHEE A I BLS 2 BERIAC & o TH: U % HirsE b
B Bk 4 CdH % (Ndatanen, Paavilainen, Rinne,
& Alho, 2007)s X2 H DL OWIETH S 2% X
IS, HEIEZEZ T Twe < TH MMN 3
L (Niitinen, Pakarinen, Rinne, & Takegata, 2004;
Naatdnen, Tervaniemi, Sussman, Paavilainen, &
Winkler, 2001), EEEIEICE D2 KE LB L2\ R
Vv (Gomes, Molholm, Ritter, Kurtzberg, Cowan, &
Vaughan, 2000; Grimm & Schroger, 2005; Sussman,
Kujala, Halmetoja, Lyytinen, Alku, & Néadtédnen,
2004). Sussman (2007) 1%, {EEEEMEIC X % MMN
IRIFOBMFE L RE LTV 2205, TORPIE, BHIET
12519 % ERP 2L CTidA <, BERN#MOERL DR
AT TEEOMRETH LI L 2RELTnb, T
bbb, INLOWEME,L, MMNIE, EROR
BEZTICCVWHEEEZRLT 22 EZ2z5NhTWw5
(Koelsch, 2009) o

ERAN b, 7€k WLfETIZ MMN & FEHTHERN
WM 5 EEZOLNTWD, 7272L, MMN %%
FATS BRI & o THEIR T S M B R ERRIC
O RPN OM S L HET 20T L,
ERAN @& Btk itiix, BEICE QRPN MR & L

— 230 —



FARY SR O R % W s % RPN AT S TER OB

TEHEZONLHYEY A7 4 (Bill, Eil) oRPIH
¢ (Koelsch, 2009; Koelsh et al, 2002) &9 i#\»
Wdbo LaL, KB TIE, ERAN 2533 51213,
AR OB Tl 0T <, RINWMEE
AL E T L BALEA G5 5 W ek AR S
720 ERAN O MBUTEIUERIIAE L TR L 725
1THF%E <&, Maidhof & Koelsch (2011) % B\,
BERBIFERE R T 2R 2 FFEELEA L LTy
720 ZORPTIE, BRHIERS W TW RN S
EDBFES Y, BERRIEIC DWW T H AT S LB
TN TV REELH 5. T2, 2HFHORERRIH
ZHWTERANIC R IZTHEEOR R 2 Wi L /-
Maidhof & Koelsch (2011) IZBWTd, HMYTHER
729, EEOBENTG LIV RV, 5,
ERAN OFAEICH DL BBREO L I ERE LELET
B D%, RGO X 512 ERAN 25BN T (Rifky)
THHT 2 HHIIMA % L2200 T, WP LETDH
%o

OB, N—EZ— OWELRE TH AN S N5 i
WX 2HEH L L2 BT LULEND D, BUIEICE
5 ET, —HRWRVEEETELICBI 2 E T, W
PN T S T & 72 2R 2 BN HE U 72 S0k
EMRET A L)oo TEZ, T, ML
NDLMHEED X = X LD LTwbEEZ LN
Tw5 (Dowling & Harwood, 1986), = & &, ##
0 LR S N5 FE IS 2 DL & e F o 7240
HNy — v e LTRHELAUHBEHOZ L TH D, Bl
A BTV VOEBICRIEREI NS Z LIk
D, ZOWHDAT A AL (assimilation) L T <
LB ENHL, LrL, —HT, MEDHENT
HIZBIRAZMORIcS, ot aligkz T 5 X
I RHFEETDDH Y D 5. DL RN 572012,
BUX I IIAR & FHEINFE L I 5 2 B O MK
EENTWwA (Bharucha, 1994), KA HIAE & 1,
M=K, §%bb AN ERELIHEEIMLI T
BV ARG E D o 72 OERBLCES T H
D, BIz13 Bharucha (1984, 1987a, b) (%, O
ERE RS T 2B Lo TBERENS, &
B, Ay, O 3OOREN SRS Ay bT—2 L,
ZIUTHED EHALIEHOM S 2B L T 5, —77,
FEWYIFL L, BEFIESENMICBT 2%
DREHFEWIZEN CHED LI 1Z, e AORERRIC
HEOWTHERENL LDTH L, RIFfgED & 9 e HiE
T, NS 2FHOMERED L I K ENL D,
2HHOMFLIERENED X ) BT 200, T
72ERAN X &5 50 IfF IOV THET 200 L
Vo 72 HERL DML #EDLI LIZL T, N—F

Z—OBERRAMOAAEAAIONT, S HITHEEER
MAEEL ZEPWFETE 5,

(51RC#Ek]

Bharucha, J. J. (1984). Event hierarchies, tonal
hierarchies, and assimilation: A reply to Deutsch
and Dowling. Journal of Experimental Psychology:
General, 113, 421-425.

Bharucha, J. J. (1987a). MUSACT: A connectionist
model of musical harmony. In Proceedings of 9 th
annual conference of cognitive science society.
Hillsdale, NJ: Lawrence Erlbaum. pp. 508-517.

Bharucha, J. J. (1987b). Music cognition and
perceptual facilitation: A connectionist framework.
Music Perception, 5, 1-30.

Bharucha, J. J. (1994). Tonality and expectation. In R.
Aiello & J. A. Sloboda (Eds.), Musical perceptions.
New York: Oxford University Press. pp. 213-239.

Bharucha, J. J., & Stoeckig, K. (1986). Reaction time
and musical expectancy: Priming of chords.
Journal of Experimental Psychology: Human
Perception and Performance, 12, 403-410.

Bharucha, J. J., & Stoeckig, K. (1987). Priming of
chords: Spreading activation or overlapping
frequency-spectra? Perception & Psychophysics, 41,
519-524.

Bigand, E., & Pineau, M. (1997). Global context
effects on musical expectancy. Perception &
Psychophysics, 59, 1098-1107.

Dowling, W. J., & Harwood, D. L. (1986). Music
cognition. San Diego: Academic Press.

Gomes, H., Molholm, S., Ritter, W., Kurtzberg, D.,
Cowan, N., & Vaughan, H. G, Jr. (2000). Mismatch
negativity in children and adults, and effects of an
attended task. Psychophysiology, 37, 807-816.

Grimm, S., & Schroger, E. (2005). Preattentive and
attentive processing of temporal and frequency
characteristics within long sounds. Cognitive Brain
Research, 25, 711-721.

Koelsh, S. (2009). Music-syntactic processing and
auditory memory: Similarities and differences
between ERAN and MMN. Psychophysiology, 46,
179-190.

Koelsch, S., Gunter, T., Friederici, A. D., & Schroger,
E. (2000). Brain indices of music processing:

“Nonmusicians” are musical. Journal of Cognitive

— 231 —



A

Neuroscience, 12, 520-541.

Koelsch, S., Gunter, T., Schroger, E., & Friederici, A.
D. (2003). Processing tonal modulation: An ERP
study. Journal of Cognitive Neuroscience, 15, 1149~
1159.

Koelsch, S., Gunter, T, Schroger, E., Tervaniemi, M.,
Sammler, D., & Friederici, A. D. (2001).
Differentiating ERAN and MMN: An ERP study.
NeuroReport, 12, 1385-1389.

Koelsch, S., Gunter, T. Wittfoth, M., & Sammler, D.
(2005). Interaction between syntax processing in
language and in music: An ERP study. Journal of
Cognitive Neuroscience, 17, 1565-1577.

Koelsch, S., & Mulder, J. (2002). Electric brain
responses to inappropriate harmonies during
listening to expressive music. Clinical
Neurophysiology, 113, 862-869.

Koelsch, S., Schroger, E., & Gunter, T. (2002). Music
matters: Preattentive musicality of the human
brain. Psychophysiology, 39, 38-48.

Krumhansl, C. L. (1979). The psychological
representation of musical pitch in tonal context.
Cognitive Psychology, 11, 346-374.

Loui, P., Grent-'t Jong, T., Torpey, D. & Woldorff, M.
(2005). Effects of attention on the neural processing
of harmonic syntax in Western music. Cognitive
Brain Research, 25, 678-687.

Maidhof, C., & Koelsch, S. (2011). Effects of selective
attention on neurophysiological correlates of
syntax processing in music and speech. Journal of
cognitive Neuroscience, 23, 9, 2232-2247.

Nédtdnen, R, Paavilainen, P., Rinne, T. & Alho, K.
(2007). The mismatch negativity(MMN) in basic
research of central auditory processing: A review.
Clinical Neurophysiology, 118, 2544-2590.

Naitanen, R, Tervaniemi, M., Sussman, E,, Paavilainen,
P., & Winkler, 1. (2001). ‘Primitive intelligence’ in
the auditory cortex. Trends in Neuroscience, 24,
283-288.

Naitédnen, R, Pakarinen, S, Rinne, T, & Takegata, R.
(2004). The mismatch negativity(MMN): Towards
the optimal paradigm. Clinical Neurophysiology,
115, 140-144.

Patel, A. D., Gibson, E., Ratner, J., Besson, M., &

Holcomb, P. (1998). Processing syntactic relations

Ed

in language and music: An event-relates potential
study. Journal of Cognitive Neuroscience, 10, 717-
733.

Steinbeis, N., Koelsch, S., & Sloboda, J. (2006). The
role of harmonic expectancy violations in musical
emotions: Evidence from subjective, physiological,
and neural responses. Journal of Cognitive
Neuroscience, 18, 1380-1393.

Sussman, E. S. (2007). A new view on the MMN and
attention debate: The role of context in processing
auditory events. Journal of Psychophysiology, 21,
164-170.

Sussman, E. Kujala, T., Halmetoja, J., Lyytinen, H.,
Alku, P., & Niitdnen, R. (2004). Automatic and
controlled processing of acoustic and phonetic
contrasts. Hearing Research, 190, 128-140.

Tekman, H. G.,, & Bharucha, J. J. (1992). Time course
of chord priming. Perception & Psychophysics, 51,
33-39.

Tekman, H. G., & Bharucha, J. J. (1998). Implicit
knowledge versus psychoacoustic similarity in
priming of chords. Journal of Experimental
Psychology: Human Perception and Performance,
24, 252-260.

Tillmann, B., Bharucha, J. J., & Bigand, E. (2001).
Implicit learning of regularities in western tonal
music by self-organization. In R. M. French & J. P.
Sougne (Eds.), Connectionist models of learning,
development and evolution: Proceedings of the sixth
neural computation and psychology workshop.
Liége, Belgium, 16-18 September 2000. Springer.
pp. 175-184.

Tillmann, B., & Bigand, E. (2001). Global context
effect in normal and scrambled musical sequences.
Journal of Experimental Psychology: Human
Perception and Performance, 27, 1185-1196.

Tillmann, B., Janata, P., & Bharucha, J. J. (2003).
Activation of the inferior frontal cortex in musical
priming. Cognitive Brain Research, 16, 145-161.

Tillmann, B., Janata, P., Brik, J., & Bharucha, J. J.
(2008). Tonal centers and expectancy: Facilitation
or inhibition of chords at the top of the harmonic
hierarchy? Journal of Experimental Psychology:
Human perception and performance, 34, 1031-1043.

— 232 —





